The effects of temperature and length of incubation on ochratoxin A production in various substrates were studied. The optimal temperature for toxin production by Aspergillus ochraceus NRRL-3174 was found to be around 28 C. Very low levels of ochratoxin A are produced in corn, rice, and wheat bran at 4 C. The optimal time for ochratoxin A production depends on the substrate, ranging from 7 to 14 days at 28 C. Ochratoxin B and dihydroisocoumaric acid, i.e., one of the hydrolysis products of ochratoxin A, were produced in rice but at levels considerably lower than ochratoxin A. No ochratoxin C was produced in rice at 28 C. When added to rice cereal or oatmeal, the toxin was found to be very stable over prolonged storage and even to autoclaving for 3 hr.
The discovery of toxicity produced in corn by Aspergillus ochraceus (10) led to the isolation of three chemically related toxic metabolites, i.e., ochratoxins A, B, and C (6) . Ochratoxin A has been shown to be toxic to a variety of laboratory animals (8, 16) . Although natural outbreaks of this kind of food intoxication have not been reported, A. ochraceus has been readilv isolated from many cereal and other food products. The occurrence of this toxin in poor-grade corn (14) and moldy wheat (13) Culture. The substrate, either 20 or 30 g, was placed in a 500-ml Erlenmeyer flask, soaked with an equal amount of tap water for 2 hr, and autoclaved for 20 min at 121 C. Flasks were inoculated with spores from 1-to 2-week-old slants. The flasks were incubated in the dark and shaken once a day to break the mycelial mass. Five temperatures (4, 15, 20, 28 , and 37 C) and four foods (wheat bran, corn meal, polished rice, and bleached flour) were studied. Methods used for extraction, analysis, and preparation of secondary standards have been described previously (1) .
Toxin stability. To study the stability of the toxin in cereals, 18 ,ug of purified ochratoxin A in 0.5 ml of sterilized, distilled water was added to 10 g of food.
The toxin-containing food was transferred to a plastic bag, flushed twice with nitrogen, and vacuum-sealed. These were stored at 4 and 28 C for various times, and two assays of 5 g each were made for individual samples. To determine the stability of the toxin to autoclaving, 40 ,ug of ochratoxin A in 0.5 ml of sterilized, distilled water was added to 100 g of cereal in a 500-ml Erlenmeyer flask. Either no water, 50 ml of distilled water, or 50 ml of 20% acetic acid was added to each flask. The samples were autoclaved at 121 C for 0.5, 1, and 3 hr, respectively. Similarly, two analyses of 50 g each were made for individual samples after autoclaving.
RESULTS
Effect of temperature and substrate. Two flasks were harvested for each substrate and temperature at various times over a period of 2 weeks, except in the 4 C experiments which were harvested after 21 and 28 days of incubation. Table 1 shows the results of incubation at 4 C; only slight growth of the fungus was observed at this temperature. The amount of toxin formed is very low; about 3 ,ug of ochratoxin A was produced after 28 days of incubation. This is a contamination level of slightly over 100lig/kg. Table 2 shows the effect of temperature on ochratoxin A production in polished rice and wheat bran over a 2-week incubation period. Toxin production at 15 C is very slow; however, 1 to 2 mg of toxin is present after 2 weeks. This is a final toxin level of 30 to 60,ug/g of substrate.
The optimum temperature for ochratoxin A production was found to be 28 C. At this temperature, ochratoxin A was found at levels of 1.5 to 1.8 mg/g of substrate after 7 to 14 days of incubation. Ochratoxin A formation at 37 C was considerably lower than at 28 C. for quantitation of these compounds in the rice extracts. The results of this experiment are shown in Table 3 . No ochratoxin C was found in any of the extracts. The amount of ochratoxin B was about 25 times less than the amount of ochratoxin A formed ( Table 2 ). The dihydrocoumarin was present in even lower concentrations. Stability of ochratoxin A. Table 4 shows the stability of ochratoxin A in cereal products. The toxin was very stable when stored in darkness at 4 or 28 C for 1 week. After 12 weeks, about 45% of the toxin was still recoverable from these samples. Although pure ochratoxin A is lightsensitive (7), the effects of light on toxin added to the cereal seemed to be slight, with similar levels in samples stored in the dark and those stored in light and dark. Autoclaving contaminated samples for up to 3 hr failed to destroy completely the toxin (Table  5) . It is of interest that the toxin was more readily destroyed in dry cereal than in the presence of water or even 20% acetic acid. Examination of thin-layer chromatography plates from the autoclaved samples revealed new fluorescent spots; however, the toxicity of these substances is not known.
DISCUSSION
The optimum temperature for ochratoxin A formation by A. ochraceus appears to be very similar to that for aflatoxin formation, 28 C. The major difference is that there is considerable ochratoxin A formation at 15 C, whereas only small amounts of aflatoxin are formed at temperatures in the range of 10 to 15 C (3, 15) . Very slow formation of ochratoxins appears to be occurring at 4 C. This fact could be of significance in the storage of grains at low temperatures. Although the amount of toxin present after 4 weeks of incubation at 4 C is very low, continuing production might occur over longer periods. The finding that lower yields of ochratoxin A are obtained at 37 C could be due either to rapid degradation ofthe toxin at this temperature or decreased toxin formation by the organism. Evidence for the former case might be seen in the presence of considerable toxin after 9 days of incubation at 37 C but a rapid decrease after 3 more days of incubation. These optimal and inhibitory temperatures are certainly dependent upon the strain and species of mold used to produce ochratoxins. Penicillium viridicatum shows a considerably lower range and optimal temperature profile than A. ochraceus (A. Ciegler, personal communication).
The toxin distribution study indicated that ochratoxin A was the primary toxin produced by A. ochraceus. Ochratoxin B and dihydroisocoumaric acid are present at considerably lower levels and are also much less toxic than ochratoxin A. Ochratoxin C which is about as toxic as ochratoxin A is apparently not produced in rice by the isolate used. The optimum incubation time for ochratoxin A production was found to be dependent on the type of substrate used, varying from 7 to 14 days. Schindler and Nesheim found that maximum production of ochratoxin A in shredded wheat occurred after 19 to 21 days at 22 C (9) . Although the use of shredded wheat may have affected toxin production, the lower incubation temperature (22 C) would slow toxin production, thus requiring a longer incubation period for maximum yield.
The toxin stability studies revealed that ochratoxin A is a very stable compound which can persist in foods even after 3 hr of autoclaving. This would indicate that removal of ochratoxins from food products might be very difficult, and the best protection would be to prevent toxin formation through satisfactory handling procedures.
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